Pseudoplanktonic crinoid megaraft colonies are an enigma of the Jurassic. They are among the largest in-situ 2 invertebrate accumulations ever to exist in the Phanerozoic fossil record. These megaraft colonies and are 3 thought to have developed as floating filter-feeding communities due to an exceptionally rich relatively predator 4 free oceanic niche, high in the water column enabling them to reach high densities on these log rafts. However, 5 this pseudoplanktonic hypothesis has never actually been quantitatively tested and some researchers have cast 6 doubt that this mode of life was even possible. The ecological structure of the crinoid colony is resolved using 7 spatial point process techniques and its longevity using moisture diffusion models. Using spatial analysis we 8 found that the crinoids would have trailed preferentially positioned at the back of migrating structures in the 9 regions of least resistance, consistent with a floating, not benthic ecology. Additionally, we found using a series 10 of moisture diffusion models at different log densities and sizes that ecosystem collapse did not take place solely 11 due to colonies becoming overladen as previously assumed. We have found that these crinoid colonies studied 12 could have existed for greater than 10 years, even up to 20 years exceeding the life expectancy of modern 13 documented megaraft systems with implications for the role of modern raft communities in the biotic 14 colonisation of oceanic islands and intercontinental dispersal of marine and terrestrial species. 15
Transoceanic rafting is a fundamental feature of marine evolutionary biogeography and ecology, often This analysis was complemented by analyses using density/diffusion models 18, 19 colonies from Holzmaden (G1 "The Hauff Specimen" & G2). 
Results

1
The spatial analyses clearly show an ecological signal of directionality along the log with the highest 2 density on the left hand side, with decreasing density along the log (Fig. 2) . This directionality can be 3 modelled by heterogeneous Poisson model depending on the x co-ordinate (SI Table 1 ). The diffusion 4 analysis is represented by two models, which constantly show that the largest of the log systems could 5 have survived for a minimum of 2 years and a maximum of 20 years. Thus allowing the crinoid colony 6 to grow to maturity and confirming the viability of the pseudoplanktonic hypothesis. Firstly, the 7 diffusion model assumes that the system is not adequately sealed. When the diffusion model is applied 8 to the small logs (S1-S2) without the population, the log would sink after 800 days, however when the 9 colony is added it would sink within 1 day (Fig. 2) . The apparent longevity of the logs is increased by 10 their size, with the medium sized logs (M1-M2) surviving 100 days (800 without the colony) and the 11 massive colonies (G1-G2) surviving up to 400 days (800 days without the colony) (Fig. 2) . Our results
12
suggest that without any natural sealing the largest megarafts could only have survived for just over two 13 years with the smaller systems unviable despite being relatively common. We propose that in order for Table 2 ). In some cases, the 22 dimensions of the log combined with the density of the wood material would allow the oyster and 23 crinoid loaded log never to reach sinking threshold within the 20-year window. The crinoids attached preferentially to one end of the log structure (Fig. 1) , with other parts of the log 3 more sparsely populated and attachment discs barely developed on the upper surface (Fig. 3) . These spatial analyses support the hypothesis that our largest colony was structured as a floating body 1 not a benthic structure. This feature is demonstrated by modern shipworms, for example, which 2 preferentially accumulate at one end of the structure 20 . In the case of a ship, this would be the back or 3 stern. If the log were moving through the water even at a low rate the bow of the structure would still be 4 subject to the most current pressure, so the most hospitable part of the structure would be the area of 5 least resistance, the stern. However, this asymmetric distribution, combined with the observation that 6 the vast majority of crinoids are attached to the underside of the log (Figs. 1 and 3) , would make the log 7 unbalanced towards one end, bringing the colony's stability into question. The conventional view is that 8 the community would have rapidly sunk and been preserved at anoxic depths due to becoming unstable 9 or overladen 13 . However, our diffusion model does not support rapid sinking for three key reasons.
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Firstly, the growing community of oysters and crinoids even at the climax state would still be a 11 minor component of the total weight of the system (SI Data). Secondly, without efficient sealing our 12 catastrophic models suggest the log could have supported the population of crinoids for a substantial 13 amount of time. Even with a system designed to be a catastrophic scenario taking on water at a constant 14 rate until the log raft system failed, the largest examples (G1-G2) could have survived for up to two 15 years (SI Table 3 ). Preserved fossil examples in this study were close to their maximum point viability
16
as a mobile substrate. This point is evident from smaller logs (S1-S2) whose population was simply too 17 big to be supported by the smaller log structure. However, the model looks at the viability of the climax these communities to exist to maturity the log needs to float for much longer than 2 years (Fig. 2) . Our 23 oyster community growth model in contrast, predicts that the megaraft was viable for up to and exceeding 20 years (SI Data). This length of time would require the structure to be sealed by an oyster 1 coating to preserve any failures in the wood structure. The key to understanding how this lifespan of the 2 megaraft was possible, is firstly by identifying areas of weaknesses were the structure is most likely to 3 fail, this would include areas on the surface not coated in bark and secondly the ends of the log system 4 that expose the wood xylem 23 . However, it is clear from all the examples examined that most of the 5 surface is covered in oysters ( Fig. 1 ) and as our results suggest that the crinoids themselves are 6 preferentially distributed at one terminal end of the system (Fig. 3) , contributing to the natural sealing of 7 that end of the log system. Not all areas of the log were sealed and this would have shortened the 8 lifespan of the community. the log sank and the crinoids died, being perfectly preserved by the anoxic conditions on the seabed 11 .
